to the cubic axes. In the absence of any external conditions to make one or more of these orientations preferred, they should all occur in approximately equal amounts. The effect of a magnetic field in making one or more of these orientations preferred was studied using the null-coil pendulum magnetometer developed in this laboratory by Domenicali. ' Some modifications were made in the magnetometer to permit its use down to liquid helium temperatures. The case of the instrument was evacuated and helium gas, admitted through a needle valve, was used to regulate the rate of warming by controlling the heat loss from the sample. The sample was mounted in an aluminum boat in good thermal contact with the null coil, which also served as a heat source. The measurments were made on a circular disk cut from a (lOO)-plane slice of a single crystal of 9) C. G. Shull, E. O. Wollan and W. C. Koehler, Phys. Rev. 84, 912 (1951) .
10) S. C. Abrahams and B. A. Calhoun, Tech. Rep. 61. 11) L. R. Bickford, Jr., Revs. Mod. Phys. 25, 75(1953) .
12) C. A. Domenicali, Tech. Rep. 24; Rev. Sci. Inst. 21, 327(1950) . The effect of applying a magnetic field at various angles in the cubic (110) plane was investigated, using the quasi-static B-H loop tracer (see below) and an oblate spheroidal sample prepared from a (110) slice of a magnetite crystal. Magnetization curves were measured in the [001 j direction of this sample, after cooling in a field of 10, 000 oersteds directed in the (110) 
SWITCHING OF THE MAGNETIC AXIS
The phenomenon of axis switching, i.e., the change of the c axis from one cube edge to another below the transition, was first observed by Bickford as shown by its small magnetic moment. Then, at some temperature below the transition, there is an abrupt increase in the magnetic moment indicating that the [OOl] direction has suddenly become an easy direction. This effect is 13) H. J. Williams and R. M. Boaorth, Revs. Mod. Phys. 25, 79 (1953) .
-
of considerable importance for two reasons. Obviously it must be considered in interpreting experimental results and also in planning experiments, since some measurements which appear to be straightforward are impossible except at very low temperatures. It also provides an additional means of obtaining information about the energies involved in the transition. The temperature at which this change occurs depends on the external field applied parallel to the £00lj direction. The external field necessary to cause axis-switching at various temperatures was determined by cooling the (100) spheroid through the transition with a field of 4700 oersteds along the |_010J direction and then measuring the warming curves with applied fields of from 1000 to 5000 oersteds.
A number of these curves are shown in Fig. 6 .
Axis switching was also obser/ed in certain directions in the (110) plane. Figure 7 shows the magnetization curves observed in the [llOj direction after cooling in a field of 10, 000 oersteds parallel or perpendicular (in the (HO) plane) to this direction. An unexpected result is that axis-switching occurred only in the[ll0jdirection and in a direction at 15 to it. From measurements of the change in length of a [l00j bar (see Appendix 2) accompanying the axis switching, it was evident that relatively large changes in dimensions (6x/i' v 10 ) and hence in elastic energy are involved in this process. This elastic energy apparently suffices, in the case just mentioned, to prevent the axis-switching from occuring at the field indicated by Eq. (2), although it may still occur in a sufficiently high field.
Transfer of the c axis from one cube edge to another requires that electrons jump from ferrous to neighboring ferric ions in the tetrahedra formed by the iron ions in the octahedral interstices (cf. Fig. 1 Temperature ° C At present, we will be content with a statistical approach to this problem. ( 1) where jiB. = the energy difference between sites "a" and "b" due to the magnetic field. In writing this expression, we have assumed that the initial energy difference between the "a" and "b" sites is small compared to uB.. We have so far neglected the effects of the local disordering which accompanies a jump from an "a" to a "b" site. This disordering would raise the energy of an electron in the "b" site and hence we may expect an electron would return to an "a" site unless some of its neighbors also jumped to "b" sites before it had time to return. We may say crudely that the net probability (Eq.l) must be equal to some fixed value before the "b" sites become stable and the axis switches.
Thus we can write the relation between the magnetic induction and the temperature at which the c axis switches as
where B. is the internal induction prior to the axis-switching and T is the temperature at the mid-point of the switching. Table 2 gives the ratios of the conductivities for a number of combinations of sample orientation and magnetic field direction. Table 3 . Table 3 . Anisotropy of conductivity below the transition. the small air gap between the sample and the coil. Since the saturation magnetization of magnetite at room temperature has been measured by a number of investigators, this was used to calibrate the scale. The sample used for these measurements was an oblate spheroid cut from a (110) plane slice of a synthetic crystal of magnetite. It was shaped by a method developed in this laboratory so that it was a much better approximation to an oblate spheroid than the (100) sample. Its axes were 3.84 and 0.97 mm, respectively, and the demagnetizing factor calculated from these dimensions was 1.82 + .08, as compared to 1.75 computed from the {.111] magnetization curve at room temperature.
Room temperature magnetization curves were measured for several reasons: the saturation magnetization at room temperature (477 cgs units/cc ' ) was used to fix the scale of the magnetization; these curves provided a check on the demagnetizing factor calculated from the dimension of the sample; and, finally, a comparison of the anisotropy constant at room temperature with the values obtained by other methods provided an experimental check on the accuracy and reliability of the equipment. For cubic holohedral crystals, the anisotropy energy can be written as
5 / The value of K, at room temperature was -1.12 + 0.05 x 10 ergs/cc, as determined from the areas between the L^-^^J an( * L^o] as well as between the flOOj and Tllll curves. This is in good agreement with the value of -1.1 2 for K-from microwave resonance measurements ' and -1. 22 from torque mag-13) netometer measurements. ' K 2 is zero, within the limits of experimental error. each region would be strained owing to the distortions experienced by its neighbors; and free poles on the boundaries between the regions could cause discontinuities in the internal field. The effects due to the last two causes could be very complex, and lacking the information needed to even estimate them, we can only assume that they do not greatly alter the magnetization curves.
The effect of torques exerted by the magnetization in one region on that in neighboring regions is particularly large in two of the experimental mag- The increase in conductivity anisotropy with decreasing temperature (Table 3) appears to be directly related to the increase in long-range order. A greatly over-simplified band model, which exhibits a discontinuity in the conductivity such as that in magnetite at the transition, is described in Appendix 3.
Such models must necessarily be very speculative until much more experimental data become available particularly on the Hall effect and the thermoelectromotive force. 
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and we have I = I s cos(54°44' -0) .
From these parametric equations, the magnetization curve can be computed. 
and, after differ entiatin, we obtain H = -3E a /39/l sin 9 .
We then have I = I s cos 9 . 
and must be evaluated at points along the path of the magnetization. • The actual value of the calculated energy difference between the ordered and the disordered structure is ca. 1 ev per Fe 3 0 4 , as compared to an observed difference (from specific heat measurements) of 0. 005 ev, and has little significance, since it is obtained by subtracting two relatively large numbers. Also the calculated energy of the ordered structure is baaed on the assumption that the io-is occupy the same relative positions in both structures, which is not true; this may account for the discrepancy. 
MAGNETOSTRICTION OF MAGNETITE AT ROOM TEMPERATURE

